Abstract. The electromagnetic environment problem caused by power transmission engineering has attracted attention. The calculation of the power frequency electric field under transmission lines in the real environment is limited by computing memory sometimes. Charge simulation method based on overlapping domain decomposition method is proposed to calculate the power frequency electric field of transmission lines under complex environment. Firstly, the calculation region is divided into several sub regions. Then the boundary problem of overlapping region is solved with iterative method and simulation charges can be obtained. Finally, the distribution of electric field in different regions can be calculated respectively. The effectiveness of the method was verified by an example. Calculation result of electric field of transmission lines with a building which was surrounded by trees under lines indicated that trees can effectively reduce the electric field and improve the electromagnetic environment. This method provides an effective way to analyze the electromagnetic environment around the power transmission engineering in complex scenes. It has a good prospect of application.
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Introductions
With the increasing voltage level of the high voltage transmission lines, the power frequency electric field caused by power transmission engineering has become a problem which cannot be ignored for the sake of environmental protection [1, 2] . When calculating the power frequency electric field of power systems, charge simulation method(CSM) is the most effective and widely used method for its simple principle, less unknown variables, fast speed of solving and high accuracy [3, 4, 5] . In reality, the surrounding environment of power transmission engineering is rather complex. When using CSM to calculate complex problems, the amount of calculation is so huge that even the computation cannot be carried out smoothly. To solve this problem, the complex calculation region can be divided into several sub regions, and the calculation is carried out in relatively small sub regions respectively. Then the field distribution of the whole region is obtained. As a coarse-grained preprocessing algorithm, the domain decomposition method (DDM) combines the flexible division and load distribution strategy of the area, which breaks the limit of memory and speed [6] . The papers [7, 8] combined DDM with the finite element method (FEM) and broke the limit of memory and improved the calculation efficiency. However, FEM is suitable to solve the problem of a closed domain and it should be used with caution if not considering the internal complex and multiple materials.
Charge simulation method based on overlapping domain decomposition method (CSM-ODDM) is proposed in this paper. The effectiveness of the method was verified by examples. Then the method was applied to calculate and analyze the power frequency electric field distribution of transmission lines with buildings and trees under them.
Brief Introduction to Principle Charge Simulation Method
Based on the principle of the uniqueness of electromagnetic field, charge simulation method replaces the real continues surface charges with a set of dummy discrete simulation charges outside the calculation field. The distribution of the electric field can be obtained according to superposition principle.
Charges of power lines are usually simulated by linear element charges. The density of the liner element charges is τ(u)=au+b, among which a and b is undetermined constant. The length of the linear charge segment is L. The potential of a point P (x, y, z) in space is
In addition to the liner element charges, the point charges are set up in uneven terrain. The potential of a point P (x, y, z) in space is
Combine the liner element charges with the point charges and the potential coefficient of each matching point can be calculated. Then the matrix equation can be established and solved, as shown in Eq.3.
Overlapping Domain Decomposition Method
The classical Schwarz alternation method is the theoretical basis of the overlapping domain decomposition method (ODDM). Consider the following Laplace equation:
The region Ω is divided into two sub regions, namely Ω 1 and Ω 2 as shown in Fig.1 . The Schwarz alternation method is described as:
Firstly, keep the origin boundary condition of Γ 1 unchaged and the boundary condition of Γ 1 ' is limited to the given initial value of u 0 . Then solve Eq.5 in region Ω 1 . Secondly, keep the origin boundary condition of Γ 2 unchaged and the boundary condition of Γ 2 ' is limited to the value solved by Eq.5 at last time. Then solve Eq.6 in region Ω 2 . After that, continue to solve Eq.5. Calculation is Iteratevely carried out like this until the error of values calculated at two times before and after is less than a certain value and the approximate solution in the whole region can be obtained. ' calulated at two times before and after is less than a certain value. The electric field in region Ω 1 is calculated with C Ω1 and the electric field in region Ω 2 is calculated with C Ω2 .
CSM Based on ODDM
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Verification of CSM-ODDM Verification Model
Simplified the model of power lines as follows: 1) Regarded the power-frequency electric field of power lines as quasi-static field; 2) Assumed that the ground was a good conductor with zero potential; 3) Substituted the equivalent radius for split conductors of power lines; 4) Described sag of line with parabolic equation as shown in Eq.9, in whichγ is specific load of line, h 0 is the minimum height of power lines and σ 0 is stress at the lowest point. The line span is 100m and the distance between adjacent phases is 10m. The line is 4-split, and the spacing is 0.323m, sub-conductor radius is 0.0148m, γ=0.0311kg/m·mm 
The model of the tree and the top view of the verification model is shown in Fig.2 (a) and (b). There are two sets of 500kV transmission lines which are parallel to Y axis. The center phase of one set of lines is at x=-18m and the height of the lines is 28m. A building is under it at x=-33m, y=0m. The length of the building is 12m, the width is 6m and the height is 12m. Another set of lines is at x=18 and the height is 20m. A cone shape tree is under it at x=18m, y=-20m. The radius of tree trunk, namely R 1, is 0.2m. The radius of tree crown, namely R 2 , is 4m. The height of tree trunk, namely H 1 , is 4m. The height of tree crown, namely H 2 , is 6m. 
Calculation Result
The distributions of electric field 1.5 m above the ground at y=0m and that at y=-20m were calculated by whole domain method and CSM-ODDM respectively, as shown in Fig.3 (a) and (b). The calculation result by CSM-ODDM is coincident with the result by whole domain method. Both the tree and the building can reduce the electric field under power lines. CSM-ODDM is accurate. 
Application of CSM-ODDM
As shown in Fig.4 (a) and (b), there is a set of 500kV transmission lines at x=15m and the height of the lines is 25m. Also there is a building at x=-13m, y=0m. The length of the building is 20m, the width is 6m and the height is 12m. Six cone shape trees are around the building. A computer with 8G RAM was not qualified to calculate this complex model by whole domain method. However, calculation was carried out smoothly by CSM-ODDM. In comparison with the electric field around the building with no trees nearby, the electric field 1.5 above the ground at y=0 was calculated as shown in Fig.5 (a) . The electric field 1.5m above the top surface of the building at 
Conclusions
Charge simulation method based on overlapping domain decomposition method is proposed in this paper. The effectiveness of this method was verified by an example. It provides an effective method to make up the deficiency that general computers cannot calculate complex problems for the inadequate memory. The electric field around the buildings under 500kV transmission lines when there were trees around the building and no trees nearby was calculated respectively by this method. Calculation results indicated that trees around the buildings can effectively reduce the electric field. CSM-ODDM has a good prospect of electromagnetic environment analysis.
